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RESULTS
Oxide Trends With Spreading Rate
Plots of the global MORB data against spreading rate show much scatter but statistically significant trends for most of the major and minor elements, confirming previous f'mdings that lavas from fast spreading ridges are typically more fractionated than those erupted at slow spreading ridges. With increasing spreading rate, TiO 2, FeO, Na20, and P205 increase, while AI20 3, MgO, and CaO decrease. The exceptions are SiO 2 and K20. SiO 2 may show no trend because of analytical problems discussed by Klein and Langrnuir [1989] . K20, on the other hand, shows a significant correlation with spreading rate, but it is inconsistent with a fractionation. This is because K is a very incompatible element and is very sensitive to mantle source heteroheneity; higher K20 contents in MORBs at slow spreading rate obviously result from hot spot effect such as at the North Atlantic ridge. Table 2 gives the slopes, intercepts, and correlation coefficients of these linear trends, and Figure 2 shows representative examples. When the analyses are corrected for shallow fractionation (see notes to Table 2 and Niu [1992] for correction procedure), these correlations virtually disappear. As shown in Table 2 terms in this paper. We consider several possible origins for the local trend and conclude that it is due to fundamental differences in the dynamics of mantle upwelling and melt segregation beneath slow and fast spreading ridges. [Wilson, 1988] and Gorda ridge [Davis and Clague, 1987 ]. melting of pooled column melts [Klein and Langmuir, 1987; Niu and Batiza, 1991a] . As shown in Figure 3 , plots of these quantities against spreading rate exhibit much scarer. There is a suggestion that the scatter is more pronounced at slow spreading rates. This, as will be discussed later, is associated with the so-called local trend at slow spreading ridges. Nevertheless, there is no evidence for systematic trends in either depth of melting or extent of melting with differences in spreading rate. This is an interesting finding because it confirms that average mantle temperature, an important control on melting below ridges [McKenzie, 1984 [Niu, 1992] is similar to the one by Klein and Langmuir [1987] with following differences: We use a general polynomial equation that allows to correct every oxide and to use all the samples with MgO > 5.0 wt %. This general equation accounts for the curvature of variation trends in the region of MgO = 9-7 wt %. We corrected all oxides to MgO = 8.0 wt %. The corrected oxide values sum to 100•_1%, and plots of corrected oxide values against MgO show essentially zero slope, suggesting that our correlation procedure does not introduce any artifacts. We also apply a regional correction to data from each major geographic area as listed in Table 1 To do so, we select the 32 best sampled portions of the ridge system from the global data set and examine the data from each area in detail. These are listed in order of increasing spreading rate in Table 3 , which also gives the endpoints of each ridge segment, its length, spreading rate, number of chemical group means and sample density. The lengths of these ridge portions vary greatly (Table 3) During ascent of a mantle diapir undergoing melting, inefficient melt segregation would allow melts to reequilibrate with the solid matrix. If these reequilibrated melts were tapped by dikes [Nicolas, 1986; Sleep, 1988] A fundamental difficulty in attempting to interpret the cause of the local trend is that, by definition, this trend is composed of samples with identical MgO = 8.0 wt %. Even though the local trend probably is the result of dynamic physical and chemical processes which lead to variations in MgO (as well as other major element abundance), our present definition and view of the trend are an artificial, constant-MgO snapshot only. Whether melts forming the local trend are related to each other directly through some petrologic process such as melting or crystallization, or related only indirectly (for example, sequential products of a petrologic process), it is most improbable that they coexist as constant MgO melts.
Project (SIVGP) data base (W. G. Melson and T. O'Hearn, personal communication, 1991
In order to circumvent this problem of constant MgO, while at the same time trying to explicitly constrain the major silicate phases that might be involved in the local trend, we use simple stoichiometric least squares modeling of the type described by Bryan et al. [1969] and Bryan [1986] . Figure 8 shows several well-defined trends from slow spreading ridges which we use in our illustrative model. We implicitly assume that the magmas of the local trend are related to one another by some petrologic processes (melting or crystallization, for example) involving major silicate phases, and we attempt to Table 3 . Note the great variability in the correlation and the slopes (sign and magnitude) of the regression lines. giving non-unique solutions, our result appear to be very robust. We have tested hundreds of models using many combinations of mineral end members but only a few yield selfconsistent results with good fits (low residuals).
Representative results are shown in Table 5 . Note that the poorest fits are for Ti and K, which is not surprising since we did not include mineral endmembers containing either element (though we could add Ti to pyroxene). One interesting result is that plagioclase is apparently not needed to describe the a-b path for any locality as all solutions with plagioclase give very high residuals (> 2.0 or so), with especially poor fits for Ca and AI. This is not surprising because melting in plagioclase stability field may be quite restricted [Nicolas, 1986] . Table 5 With the cation FM, we make olivine (FM2SiO4) and pyroxene (FM2Si206: both orthopyroxene and Mg-Fe components of clinopyroxene). In this simple stoichiometric modeling, we also consider endmember diopside-hedenbergite, jadeire, Ca-tschermaks, and albite-anorthite. Table 4 additional melting. Note that in Table 5 the combined compositions of the pyroxenes entering the melts are unlike any natural pyroxenes in that Jd, and particularly Ct, are too high. This is, in fact, expected, as both orthopyroxene and clinopyroxene are residual phases during mantle melting to produce MORB . Continuous melting will tend to deplete Jd and Ct components in residual pyroxenes because both are incompatible during melting and less stable in pyroxenes as pressure is reduced. Thus pyroxenes in the solid will gradually be depleted in these components, while the melt in a rising diapir will be enriched in Jd and Ct components. We now reconsider possible changes in MgO and FeO. To calculate the MgO and FeO changes, we dispense with the use of FM. Using the phase proportions from Table 5 , we partition FeO and MgO among the solid silicate phases (see Table 4 2. We confirm that there appear to be no systematic differences between slow and fast spreading ridges in the depth or extent of partial melting; thus mantle temperature seems to be independent of spreading rate.
3. The so-called local and global trends of MORB systematics are a function of spreading rate. The global systematics are found at fast spreading ridge segments and the local systematics are found at slow spreading ridges. Either trend can be found in transitional ridges spreading at 50-60 mm/yr. 4. The so-called local and global trends are not apparently sensitive to geographic length scale.
5. The global and local trends display a range of slopes on chemical diagrams, but no consistent or regular behavior, such as a fanning pattern.
6. The local trend is not confined to slow spreading ridges but also occurs at near-EPR seamounts.
7. Strong geophysical and field evidence (in ophiolites) points to the importance of diapirs at slow spreading ridges. We show that the local trend is characteristic of slow spreading ridges and propose that this trend could result from processes in rising diapirs undergoing melting and melt reequilibration.
8. Transitional ridges spreading at 50-60 mm/yr may display either the global or local trend of chemical variation. We interpret this to indicate that both two-dimensional, passive upwelling and buoyant, three-dimensional (diapiric) mantle upwelling occur and that the petrologic signatures of lavas erupted may be dominated by either process. where AGF is the arbitrary "goodness of fit" (values in parentheses after Good, Med, and Poor); R is the larger correlation coefficient; and S D is the sample density (number of chemical group means per 10 km). We arbitrarily use the radical of 4 to damp out the large range of values for sampling density while arbitrarily keeping our score numerically small.
